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a b s t r a c t
In Frisch grid ionization chambers special attention must be paid to the operating voltages in order to
avoid unwanted collection of electrons on the Frisch grid. Collection of electrons on the grid will lead to a
decreased signal to noise ratio and consequently a deteriorated energy resolution. Furthermore,
systematic errors in the determination of the angular distribution will be introduced. Theoretical
formulas for minimized collection of electrons on the grid were derived by Bunemann et al. [3] in the
special case of a Frisch grid consisting of a plane of parallel wires. No such formulas exist for other grid
geometries and a careful calibration procedure is needed. We describe here a procedure for characteriz-
ing the Frisch grid in terms of its transparency to electrons for a grid consisting of a mesh of
crossed wires.
& 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Frisch-grid ionization chambers (FGIC) are widely used instru-
ments in nuclear physics [1,2]. FGIC are characterized by a counting
gas volume and three parallel electrodes: cathode, anode and grid.
The grid is positioned between cathode and anode, in order to
electrically separate the gas volume in two parts. An electric ﬁeld is
generated in the FGIC by voltages applied to the electrodes. When
the gas is ionized by charged particles passing through its volume,
pairs of positive ions and electrons are created in numbers propor-
tional to the deposited energy. Positive ions and electrons are then
drifting to the cathode and to the anode, respectively. The principle
of operation of an FGIC is to conﬁne the ionization to the gas
volume between the cathode and the grid, hence shielding the
anode from the angular dependency of the collected signal. Positive
ions have lower mobility in the gas than electrons, thus we may
consider the former static in the time interval needed for the latter
to be collected by the anode. An advantage of the FGIC is that,
besides the energy of the ionizing particle, its emission angle
relative to the chamber normal can be determined by analyzing
either the drift time of the electrons or the ratio of induced charges
on the electrodes. However, this procedure requires a careful
calibration and considerations of the operating conditions.
An ideal grid is opaque to the charge induction and at the same
time transparent to the drifting electrons. In an ideal case, no
signal is detected on the anode until the drifting electrons have
physically passed through the grid. The deviation from the ideal
charge-induction opacity of the grid is deﬁned as grid inefﬁciency
[3] and has recently been addressed by two works of Göök et al.
[4] and Al-Adili et al. [5]. A second relevant aspect is the
transparency of the grid to the electrons. An ideal transparent
grid allows all the electrons created in the ionization process to
pass through and to eventually be collected by the anode. Assum-
ing electrons drift along the electric ﬁeld lines but in the opposite
direction, Bunemann et al. [3] describes this transparency in terms
of a ﬁeld which is the positive gradient of the electric potential.
The difference between the number of ﬁeld lines per unit area
LCG reaching the grid from the cathode, and the number of ﬁeld
lines per unit area LGA leaving it in the direction of the anode
determines the transparency.
Hence, the fraction of ﬁeld lines that ends on the grid is deﬁned as
1λ¼ 1LGA
LCG
ð1Þ
To reach zero lines intercepted by the grid, ﬁeld lines from the
grid-anode section (G-A) of the chamber should penetrate the grid
and enter the cathode-grid section (C-G). This is possible if the G-A
ﬁeld EGA is adequately stronger than the C-G ﬁeld ECG. Bune-
mann proposed a condition on the voltage settings to reach λ- 1
R0≔
VAVG
VGVC
 DCG
DGA
Z
1þρ  1þ d
4π  DGA
ðρ24 ln ρÞ
 
1ρ  1þ d
4π  DCG
ðρ24 ln ρÞ
  ð2Þ
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where d is the grid pitch, DCG and DGA are respectively the
distances between cathode and grid, and between grid and anode
while VA, VG and VC are the voltages applied to anode, grid and
cathode, and the parameter ρ is
ρ¼ 2πr
d
; ð3Þ
where r is the grid wire radius. This result is valid when the grid
consists of parallel wires, and represents a geometric solution
dependent only on the physical properties of the grid and the
distances between electrodes.1
At the Institute for Reference Materials and Measurements
(IRMM) of the European Commission, we recently started to use
FGIC where mesh grids were installed, rather than parallel wire grids.
A study by Göpfert et al. [6] shows that the use of mesh grids gives
better anode signal quality and resolution, compared to parallel wires
grids, when the FGIC is operated in the same conditions. Moreover,
mesh grids are easier to produce and mechanically resistant. How-
ever, no investigation was made on how the use of mesh grids affects
the fraction of electric ﬁeld lines λ passing through the grid.
1.1. The grid signal
Under the assumption that λﬃ1 the grid signal QG is always
bipolar. When the counting gas is ionized by an incident charged
particle, electrons start to drift toward the grid. A negative signal
QG forms on the grid, increasing in amplitude until the ﬁrst
electron passes through the grid itself. The negative signal ampli-
tude depends on the distance the electrons need to drift before
reaching the grid. A charged particle emitted at 901, relative to the
chamber normal, would leave an ionized track parallel to the grid
and far from it, thus producing a large negative signal amplitude.
At the other extreme, a charged particle emitted perpendicular to
the cathode, would produce electrons close to the grid, thus giving
a small negative signal amplitude.
Once the ﬁrst electron passes through the grid, the slope of QG
begins to decrease, and after enough electrons pass the grid the
polarity of the signal is reversed. The QG signal evolves in time, until
all the electrons pass through the grid and eventually reach the
anode. The ﬁnal amplitude of QG depends on the emission angle of
the charged particle that ionized the counting gas; QG is expected
larger or equal to zero since all the electrons are expected to pass
through the grid and to be collected on the anode.
However, if a number of electrons are intercepted by the grid,
the ﬁnal amplitude of QG is reduced. For large emission angles,
where the ﬁnal QG amplitude is expected to be small, this effect
may lead to ﬁnal negative QG amplitudes.
A mechanism reducing the number of drifting electrons is the
recombination with positive ions and loss of electrons to gas
impurities. However, this recombination would occur mainly in
the gas volume between cathode and grid, where the ionization
took place, since there are no free positive ions between grid and
anode. Hence, the loss of electrons due to recombination would
reduce the negative amplitude of QG and the ﬁnal amplitude of QA,
but it would not explain ﬁnal negative QG signals.
A second mechanism reducing the number of drifting electrons
is the collection of negative charges on the grid. Choosing voltages
applied to the electrodes following Eq. (2) should guarantee λﬃ1.
This consideration lead authors of previous works (e.g. [6]), to
assume that the number of electrons collected by the grid was
negligible. However, we suggest that the geometric approach of
Bunemann et al. [3] expressed in Eq. (2) does not depend only on
the four explicit parameters r, d, DCG and DGA, but also on the
density of wires composing the grid.
Our thesis is that a mesh grid (M) with wire radius rM and pitch
dM intercepts, in this geometrical approximation, the same fraction
of electric ﬁeld lines as a parallel wire grid (PW) with the same
wire radius rPW ¼ rM but half the pitch dPW ¼ dM=2. In other words
a mesh grid has the same effect on λ as a parallel wire grid with
the same number of wires per unit area.
2. Materials and methods
A FGIC was used to investigate the effect of the ﬁeld ratio on λ
when a mesh grid is used. On the cathode of this chamber a mixed
Table 1
Wire radius r and pitch d of the two investigated mesh electrodes as well as the
minimum value of R0 according to Eq. (2) at the indicated value of DGA and DCG .
r d DGA DCG R0; min
(mm) (mm) (mm) (mm)
Mesh 1 0.055 1.0 5 53 2.08
Mesh 2 0.0175 0.5 6 53 1.57
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Fig. 1. Anode vs. grid pulse-heights for a voltage setting of R0 ¼ 1:654R0; min using
mesh type 2 (top). Anode, grid and cathode waveforms (bottom) for the same
voltage setting, chosen in the region marked with a red square. (For interpretation
of the references to color in this ﬁgure caption, the reader is referred to the web
version of this article.)
1 This expression was directly derived from Eq. (23) of the paper of Bunemann
et al. [3], but it differs from a similar derivation published by Göpfert et al. [6].
However, since in this paper we will refer to the work of Göpfert, we have
crosschecked the original manuscript and veriﬁed that they used a formula
consistent with our in their work. Hence the published Eq. (5) [6] probably
contained a typo. Furthermore it should be noted that the ratio on the left hand
side of Eq. (2) is, due to the penetrating ﬁeld lines, not directly proportional to the
ratio of the actual ﬁeld strengths between the anode and the grid.
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nuclide (237Np, 241Am, 244Cm) source was installed, providing an α
particle spectrum with three energies 4.788, 5.486 and 5.805 MeV.
The counting gas was a mixture of Ar(90%) and CH4(10%) which
was ﬂowing through the chamber at a rate of 30 ml/min and the
pressure was kept at 120 kPa. Two meshes with different char-
acteristics were used in separate runs, the geometrical parameters
are summarized in Table 1. After pre-ampliﬁcation QA, QG and the
cathode signal QC were directly recorded at 400 MSample/s using
a 14 bit digitizer. The use of a digital acquisition system allowed to
avoid the summation step used in case of analogue acquisition [7].
The sum signal can be reconstructed off-line, however this is not
necessary since PG may be obtained from QG and contains all the
angular information [8].
3. Results
3.1. Experimental evidence
The pulse heights from the ionization chamber have been studied
as a function of the voltage setting ratio R0. In the top panel of Fig. 1
the distribution of anode and grid pulse-heights for a value of R0
chosen according to Eq. (2) is displayed. Clearly, a large number of
events have negative grid pulse-heights. The lower panel of Fig. 1
shows recorded waveforms chosen in a region close to the minimum
grid pulse height for the lowest energy alpha-line, marked with a red
square. This region corresponds to alpha particles emitted at grazing
angles with respect to the target plane. The ﬁnal amplitude of the
grid signal when all electrons have been swept from the chamber is
clearly negative. Furthermore the ﬁnal amplitude of the cathode
signal exceeds that of the anode signal, pointing to the fact that
electrons have been lost before reaching the anode. Increasing
the value of R0 changes the situation, as can be observed in Fig. 2.
The minimum grid pulse-heights now distribute close to zero. The
waveforms chosen in the corresponding region to that where the
waveforms of Fig. 1 were chosen are shown in the lower panel of
Fig. 2. The cathode waveform is practically the same as that from the
lower value of R0. However, the ﬁnal amplitude of the grid waveform
is now zero and the ﬁnal amplitude of the anode waveform coincides
with that of the cathode waveform. Hence, the electrons that are lost
in the case of R0¼1.65 could not have been lost in the geometrical
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Fig. 2. Anode vs. grid pulse-heights for a voltage setting R0 ¼ 5:0 (top) using mesh
type 2. Anode, grid and cathode waveforms (bottom) for the same voltage setting,
chosen in the region marked with a red square. (For interpretation of the references
to color in this ﬁgure caption, the reader is referred to the web version of this
article.)
Table 2
Wire radius r and pitch d of the two investigated meshes as well as the value of the
wire density parameter ρ as determined from the experiment.
r (mm) d (mm) ρ
Mesh 1 0.055 1.0 0.67470.001
Mesh 2 0.0175 0.5 0.45370.002
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Fig. 3. Pulse height for the three alpha-particle energies of the mixed nuclide
(237Np, 241Am, 244Cm) source as a function of the applied voltage ratio, for mesh 1
(upper) and mesh 2 (lower). The full red lines show the result of ﬁtting Eq. (6) to
the data, the resulting values of the wire density parameter ρ are given in the
legends. (For interpretation of the references to color in this ﬁgure caption, the
reader is referred to the web version of this article.)
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region between cathode and grid, but must have been intercepted by
the grid wires.
From the above discussion it is concluded that Eq. (2) is indeed
not valid for a mesh. In order to ﬁnd a proper modiﬁcation of the
condition we return to the derivation of the formula by Bunemann
et al. [3]. For a grid of parallel wires the relative number of electric
ﬁeld lines intercepted by the grid as a function of the ﬁeld strength
ratio can be written as
λðRÞ ¼ R1
π
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Rþ1
R1ρ
 2
1
s
arccos 1
ρ
 R1
Rþ1
 24
3
5; ð4Þ
where R is the ratio of the anode-grid and the grid-cathode electric
ﬁeld strengths. Due to the ﬁeld lines penetrating the grid these
electric ﬁelds are not strictly proportional to the anode-grid and
grid-cathode voltage differences. However, for small values of the
shielding inefﬁciency σ of the grid [4], a good approximation of R is
R¼ VAVG
VGVC
 DCG
DGA
þσ: ð5Þ
It is noted that only the wire density parameter ρ and the
shielding inefﬁciency in Eqs. (4) and (5) depend on the geometry
of the grid itself. The shielding inefﬁciency parameter σ can be
determined experimentally according to the procedure in Ref. [4].
Hence for a grid not consisting of parallel wires one might treat ρ
as a free parameter to be found empirically by direct measurement
of the penetration of electrons. To this end, the pulse height
spectra of the mixed nuclide source for varying ﬁeld strength
ratios were measured, for the two wire meshes, and the peak
positions were determined. The results are displayed in Fig. 3, the
solid red lines represent the best ﬁt of the following expression:
xðRÞ ¼ xmax½1λðRÞ ð6Þ
to each of the alpha particle lines, where x is the pulse height
corresponding to the alpha particle line and xmax is the saturation
pulse height at maximum penetration. The resulting values of the
wire density parameter for each alpha-particle energy are evi-
dently in good agreement. The average values of ρ for the two
meshes are given in Table 2. The ﬁtted curve levels out and
maximum penetration is reached when RZ ð1þρÞ=ð1ρÞ.
4. Discussion and conclusions
The determined value of the wire density parameters evaluates
to ρ¼ ð1:94970:002Þ  ð2πr=dÞ and ρ¼ ð2:06070:004Þ  ð2πr=dÞ,
for mesh 1 and mesh 2, respectively. Hence we propose that, as
an empirical rule for ﬁnding the correct voltage setting when
using a mesh as shielding electrode the wire density parameter ρ
in Eq. (2) should be multiplied by two. However, this should only
be considered as an estimate to be used for considering the design
of new shielding electrodes. The shielding electrode should always
be characterized in terms of transparency, as well as shielding
inefﬁciency [4], when a new setup is assembled.
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